Abstract. Consider the class of matroids M with the property that M is not isomorphic to a wheel graph, but has an element e such that both M\e and M/e are isomorphic to a seriesparallel extension of a wheel graph. We give a constructive characterization of such matroids by determining explicitly the 3-connected members of the class. We also relate this problem with excluded minor problems.
Introduction
The motivation for this note is the following problem of Seymour [4, 14.8.8] : Find all 3-connected non-regular matroids M such that M has an element e for which both M\e and M/e are regular. Given a class M of matroids closed under minors, a minimal excluded minor for M is a matroid M that is not in M , but for every element e of M, both M\e and M/e are in M . The condition in the above problem is in a sense a weakening of the excluded-minor condition with "for every element e of M" replaced by "for some element e of M." However, this problem is closely related to the excludedminor problem.
By replacing "regular" with other classes such as "binary," "graphic," or "planar" we get more deletion/contraction problems of this type. For example, Oxley [3] proved that the four-point line, U 2, 4 , is the only 3-connected non-binary matroid having an element e such that both M\e and M/e are binary. We solve this type of problem for a class of graphs smaller than planar graphs. For n ≥ 3, let W n denote the wheel graph with n spokes. We define the 1-wheel, W 1 , as the complete graph on two vertices and the 2-wheel, W 2 , as the complete graph on three vertices. Let M be the class of matroids having each connected component isomorphic to a series-parallel extension of M(W n ) for n ≥ 1. Observe that M is closed under minors and duality. Let M 1 denote the class consisting of matroids M not in M , but for which there exists an element e of M, such that both M\e and M/e are in M . We determine the 3-connected members of M 1 . This is sufficient to characterize the entire class since matroids that are not 3-connected can be constructed from 3-connected matroids via the operations of direct sums and 2-sums [4, 8.3.1] .
In general, we follow the matroid terminology in Oxley [4] . We denote seriesextensions, parallel extensions, and series parallel extensions as s-extensions, p-extensions, and sp-extensions, respectively. Before stating the main theorem we need some notations to describe the infinite families of matroids in M 1 . Label the spokes of W n as s 1 , s 2 , . . . , s n and the rim elements as r 1 , r 2 , . . . , r n so that {s i , s i+1 , r i } is a triangle. Let M(S, n) denote the binary 3-connected single-element extensions of M(W n ), where S is a subset of the spokes and the new element x forms a circuit with S. Observe that M({s 1 , s 2 , s 3 }, 3) ∼ = F 7 , the Fano matroid, and
Consider the two infinite families M({s
for n ≥ 3, where the subscript i is taken modulo n. The first infinite family has a graphic representation shown in Figure 1 and the second family is non-regular. Finally, let K 3, 3 denote the graph obtained from the complete bipartite graph on three vertices, K 3, 3 , by adding an additional edge (see Figure 1) . The next theorem is the main theorem of this paper. Let M/e denote the simple matroid associated with M/e, that is, the matroid obtained from M/e by deleting loops and deleting all but one element from each nontrivial parallel class. Let M\e denote the cosimple matroid associated with M\e, that is,
